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Abstract

Background: Efforts to prevent surgical site infection (SSI) employ methods that are valid scientifically, but each
institution and each surgeon also incorporates methods believed to be useful although this has not been proved
by clinical trials.

Methods: The surgical literature was reviewed, as were practices at the University of Virginia that the authors
believe are of value for the prevention of SSIL

Results: Preventive antibiotics are established measures. A case can be made for increasing the dose in patients
with a large body mass, and antibiotics probably should be re-administered during procedures lasting longer
than 3 h. Chlorhexidine showers for the patient are not proven; however, they are inexpensive and of potential
benefit. Hair removal is always done with clippers and in the operating room at the time of the procedure. No
scientific case can be made specifically for using antiseptic at the surgical site before the incision. Keeping the
blood glucose concentration and the core body temperature near normal probably are important, but how close
to normal is unclear. Transfusion enhances SSI, but leukocyte reduction of transfused blood may be of benefit.
Some evidence supports the value of antibacterial suture in preventing SSIL

Conclusions: Many proven and potentially valid methods are employed to prevent SSI. Coordinated and
standardized protocols with good data collection can assist the multi-disciplinary efforts to reduce SSI within the

unique practices of a given institution.

SURGICAL SITE INFECTIONS (SSI) are the most common
nosocomial infections in patients undergoing surgery in
the United States, contributing significantly to health care-
associated patient morbidity, death, and costs [1-4]. With an
estimated 27 million surgical procedures each year, and a
2-5% rate of SSIs, approximately 300,000-500,000 SSI can be
predicted to occur annually [2-6]. They are believed to in-
crease the risk of dying 2-11 fold [7,8], with 77% of these
deaths attributed directly to the infection [4]. Furthermore, a
mean attributable increase of 7-10 days of postoperative
hospitalization leads to higher costs, including additional
annual health care expenditures ranging from $1-10 billion
[5,7-11].

Before the mid-19™ Century, the majority of surgical pa-
tients developed SSI. The process began with an “irritative
fever,” followed by purulent drainage from the incision as
well as sepsis and death. The face of surgery changed radi-
cally when Joseph Lister, in the late 1860s, introduced the
principles of antisepsis, decreasing patient suffering by re-
ducing postoperative infectious morbidity substantially [4].
Since then, advances in surgical techniques, including better

hemostasis, conservation of an adequate blood supply, hy-
pothermia prevention, atraumatic tissue handling, and in-
fection control practices such as better operating room
ventilation, sterilization methods, and the use of antimicrobial
prophylaxis, have continued to decrease SSI [1,4,12]. How-
ever, SSI remain a substantial cause of morbidity and death,
possibly because of the emergence of antibiotic-resistant
micro-organisms, larger numbers of elderly surgical patients
or those with a variety of chronic and immunocompromising
conditions, and greater use of prosthetic implants and organ
transplantation [4].

Microbial contamination of the surgical site leads to SSI that
can be classified as either incisional or organ/space [4,13].
Incisional SSI are divided into superficial, involving only the
skin and subcutaneous tissues; and deep, involving deeper soft
tissues (Fig. 1). Organ/space SSIs can involve any part of the
anatomy excluding the incised body wall layers (i.e., intra-
abdominal abscess) [4]. Quantitatively, >10° microorganisms /g
of tissue is defined as surgical site contamination, signifi-
cantly increasing the risk of SSI [13]. On the other hand, a
much smaller inoculum of contaminating microorganisms is
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FIG. 1. The enemy. Seventy-eight year old woman six days after left above-knee amputation for acute lower-extremity
ischemia presented with superficial surgical site infection. Photograph shows areas of erythema, necrosis, and epidemolysis

at the incision site.

required to produce infection when foreign material is present
at the site. For example, only 100 staphylococci/g of tissue are
needed to increase the risk of SSI when introduced on a silk
suture [14-16]. For most SSI, the pathogens originate from the
endogenous flora (e.g., patient’s skin, hollow viscera). How-
ever, surgical personnel, the operating room environment,
surgical instruments, and many other exogenous sources
contribute to these serious infections.

This article should provide the reader with a broad, but not
comprehensive, overview of the literature and our own
opinion on the most practical ways to avoid SSI. The goal is to
present a concise review of some of the most important pre-
vention measures that should be considered in all surgical
patients.

Approaches

Many processes that can reduce the incidence of SSI have
been underutilized in practice, despite a large body of evi-
dence suggesting their efficacy [17]. In 2002, the National
Surgical Infection Prevention (SIP) Collaborative was spon-
sored by the Centers for Medicare and Medicaid Services with
the aim of reducing the nationwide incidence of SSI through
systemic-level protocol implementation [18]. Fifty-six hospi-
tals agreed to participate in this one-year demonstration
project by improving such elements as antibiotic selection;
timing of antibiotic administration, duration of operations;
maintenance of normothermia, oxygenation, euglycemia; and
hair removal. These preventive measures have since been
adopted as part of the larger Surgical Care Improvement
Project (SCIP). Dellinger et al. [17] showed a significant de-
crease in overall surgical infections, from 2.3% to 1.7%
(p=0.0005), with the above mentioned measures. More re-
cently, Hedrick et al. [18] showed that the incidence of SSI
decreased from 25.6% to 15.9% (p <0.05) with additional

improvements in the hospital length of stay after these mea-
sures were adopted. The following sections describe in detail
many potential preventive measures that can be undertaken
to decrease SSI.

Preoperative preparation
Chlorhexidine shower

Several studies have evaluated the effect of preoperative
whole-body washing with chlorhexidine detergent on the
incidence of postoperative incisional infections. Hayek et al.
[19] assessed 1,989 patients in a placebo-controlled trial,
where 24 h prior to an operation, patients were instructed to
bathe twice with chlorhexidine, bar soap, or placebo. The
overall infection rate for patients having chlorhexidine treat-
ment was 9% compared with 12.8% for bar soap and 11.7% for
placebo. In clean cases specifically, SSI were reduced even
further: 7.2% for chlorhexidine, 10.2% for bar soap, and 10%
for placebo. Chlorhexidine is believed to reduce bacterial
colony counts nine-fold compared with other cleaning mea-
sures [19]. It is a simple, easy, and cheap intervention, which,
if nothing else, involves patients in their medical care. Al-
though preoperative showers have never been proved to
reduce SSI rates, they are likely not hazardous, and we
encourage their use in surgical patients.

Preoperative antibiotics

“Surgical antimicrobial prophylaxis” refers to a brief
course of an antimicrobial agent initiated before an operation
[21-28]. Its purpose is to reduce the microbial burden of intra-
operative contamination to a level that should not overwhelm
host defenses. The administration of preoperative antibiotics
has become a part of routine operating room protocols. The
use of antibiotics for appropriate cases (usually clean-
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contaminated, dirty, or clean cases where prosthetic material
is implanted) makes intuitive sense and is easy and inexpen-
sive, and several publications have reported its benefits.

One related area of research concerns the appropriate
dosing of prophylactic antibiotics. Forse et al. [29], in a ran-
domized controlled study, compared SSI rates of morbidly
obese patients undergoing gastroplasty and normal-weight
patients undergoing clean-contaminated procedures. This
two-part study found that the use of appropriate cefazolin
doses decreases SSI rates dramatically. Morbidly obese pa-
tients had a dramatic decrease in SSI rates, from 16.5% to 5.6%
(p < 0.03), when the dose of cefazolin was increased to ensure
adequate tissue concentrations. On the basis of this study as
well as several others, the use of antibiotics on induction of
anesthesia has become the standard of care.

Cephalosporins are the most thoroughly studied peri-
operative antimicrobial agents [30], effective against many
gram-positive and gram-negative microorganisms, safe, and
reasonably priced [31]. Cefazolin provides adequate coverage
for many clean-contaminated operations [32,33], although a
second-generation cephalosporin with adequate anaerobic
coverage (e.g., cefoxitin) should be used in operations in-
volving the distal intestinal tract. Other consideration re-
garding specific choices for surgical antimicrobial agents are
beyond the scope of this paper.

Resistant organisms

Whether vancomycin, as a prophylactic antibiotic, should
be used routinely has been addressed by several studies. Al-
though it may be the antibiotic of choice in patients with an
allergy to cephalosporins, routine use is not recommended
unless there is a very high risk of methicillin-resistant Sta-
phylococcus aureus (MRSA). Disturbingly, Anderson et al. [1]
found that MRSA, followed by methicillin-sensitive S. aureus
(MSSA), were the pathogens most commonly recovered after
surgical procedures in certain areas. The prevalence rate
of MRSA-associated SSI almost doubled during their study
period, from 0.12 to 0.23 infections per 100 procedures
(p < 0.0001). These infections, as reported by Engemann et al.
[8], led to a higher 90-day mortality rate, longer hospitaliza-
tion after diagnosis of infection, and higher hospital charges,
initiating the idea that vancomycin could be a beneficial
perioperative antibiotic. However, Finkelstein et al. [37], in a
randomized controlled trial, found no significant difference in
efficacy between vancomycin and cefazolin prophylaxis in
preventing SSI in tertiary medical centers with high MRSA
prevalence. Because vancomycin requires longer infusion
times and is outside the usual operating room protocols with
inconclusive data in favor of its use, we suggest continued use
of cefazolin with discontinuation 24 h post-procedure unless
there is an extraordinarily high risk of MRSA infection.

Timing of antibiotics

The initial dose of prophylactic antibiotics should be timed
so that an inhibitory concentration of the drug is established in
the serum and tissues by the time the skin is incised [4,38].
Because most prophylactic antibiotics exhibit time-
dependent bactericidal action, the proper timing of antibiotics
in relation to surgical incision is of utmost importance [4].
Classen et al. [38] evaluated this question prospectively in
patients undergoing elective clean or clean-contaminated
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procedures. Surgical site infection rates were significantly
lower in patients whose perioperative antibiotics were ad-
ministered within 2h of the incision (1.4%) compared with
3.3% in those with postoperative (3-24h post-procedure)
administration and 3.8% in those having preoperative (2-24h
before the procedure) administration. In view of this evi-
dence, perioperative antibiotics should be administered as
close to the incision time as possible. Additionally, in order to
maximize the benefit of prophylactic antibiotics, therapeutic
concentrations of the drug should be maintained throughout
the procedure as well as for several hours after the incision
is closed [30,32,34,39—42]. This would require antibiotic re-
dosing at 3-h intervals for cefazolin, for example [43].

Operating room conduct
Hair removal

Shaving of the operative sites has been well established
since the beginning of the 20™ Century, when it seemed that
removal of hair would improve wound healing. This ritual
has remained unchallenged until recently, when people sug-
gested that bacteria proliferate in the nicks and cuts in the
damaged skin surface after shaving [44]. In fact, shaving of the
surgical site the night before is associated with significantly
higher SSI risks than no hair removal or use of depilatory
creams [45-50]. Preoperative hair removal is unlikely to cease,
however, as hair often interferes during the operation.

Alexander et al. [51] compared the influence of shaving and
clipping on the incidence of SSI in patients undergoing elec-
tive operations at a single hospital. Patients were randomized
to clippers or razors the night before or the morning of the
procedure. The highest rates of infection (5.2%—-6.4% at dis-
charge) were seen with the use of a razor regardless of the
timing. This was followed by the use of a clipper the night
before (4%), but the best results were reported when the hair
was clipped just before the procedure (1.8% SSI at discharge).
Regardless of the fact that some studies have shown that
preoperative hair removal by any means is associated with
higher SSI rates [46,52,53], clippers should be utilized imme-
diately prior to the operation if hair removal is needed.

Skin preparation

Several antiseptic agents are available for preopera-
tive preparation of the skin at the incision site, including
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FIG. 2. Differences in surgical site infection rates in general
surgery patients according to type of skin preparation used
over an 18-month period at the University of Virginia.
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iodophors, alcohol-containing products, and chlorhexidine
gluconate. However, no studies have compared the effects of
these skin antiseptics on the SSI risk adequately [4]. Swenson
et al. [54] performed a prospective study using three anti-
septics for a 6-month period for all general surgery cases. The
skin was prepared using povidone-iodine scrub-paint com-
bination with isopropyl alcohol used in between, Chlor-
aprep® (2% chlorhexidine with 70% isopropyl alcohol), or
Duraprep® (iodine povacrylex in isopropyl alcohol). Lower
SSI rates were seen with Duraprep® (3.9%) than with Chlor-
aprep® (7.1%) or povidone-iodine (6.4%)(Fig. 2). Clearly, ad-
ditional studies are needed with only this weak evidence
favoring the use of iodine-based antiseptics.

Hyperglycemia

Perioperative hyperglycemia has been associated with a
higher incidence of SSI in patients undergoing cardiac sur-
gery. More specifically, hyperglycemia during the immediate
postoperative period was an independent risk factor for in-
fections among patients with the risk of infection correlating
with the degree of glucose elevation. Similarly, better glucose
control has been associated with a decrease in SSI in the same
population [55-57]. Although the contribution of diabetes
mellitus to SSI risk is still controversial [4], euglycemia
probably should be maintained perioperatively in surgical
patients, although to what degree continues to be debated.

Blood transfusions

Perioperative transfusion of leukocyte-containing allogenic
components has been suggested as a risk factor for the de-
velopment of SSIs, with leukocyte-reduced blood imposing a
much lower risk [43,58,59]. In 2006, Madbouly et al. [68] re-
ported a significantly higher overall infection rate (48.75% vs.
11.22%; p < 0.001) as well as SSI risk (18.2% vs. 2.8%; p < 0.05)
in one transfused patient group. However, there currently is
no scientific basis for withholding necessary blood products
from anemic surgical patients, although the use of leukocyte-
reduced blood may be beneficial.

Intraoperative hypothermia

Hypothermia, through vasoconstriction and impaired im-
munity, may increase patients’ risks of SSI [60,61]. Vasocon-
striction is believed to decrease the partial pressure of oxygen
in tissues, lowering resistance to infection in animals [62,63]
and probably humans, whereas immune system impairment
results in decreased chemotaxis, phagocytosis, and produc-
tion of antibiodies. Kurz et al. [64] were able to show that
intraoperative hypothermia was associated with a 13% in-
crease in infections compared to patients who were warmed
to normothermia. A small difference in temperature, 2°C, re-
sulted in an almost tripled incidence of infection and pro-
longed hospital stay, demonstrating the importance of
maintenance of core temperatures intraoperatively.

Postoperative wound care: Incision
closure and coverage

Several studies have suggested a lower risk of SSI with the
use of antimicrobial-coated sutures. Fleck et al. [65] evaluated
sternal infections after cardiac surgery and found that the use
of Triclosan-coated suture material greatly reduced both su-
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perficial and deep infections. After primary closure, incision
sites usually are covered with a sterile dressing for 24-48 h in
order to allow formation of a scab between the approximated
skin edges [66,67]. Recently, however, Silvestri et al. [12]
showed that application of a tissue adhesive may further re-
duce the onset of SSI. Application of 2-octyl-cyanoacrylate
was an effective barrier in vitro studies and reduced SSI sig-
nificantly (odds ratio 4.57) compared with the use of a sterile
dressing alone.

Conclusions

We have reviewed several important preventive measures
that can be performed easily to reduce the risk of SSI, as well
as patient morbidity, mortality rate, and healthcare costs.
Although many of these interventions have modest support-
ing data, from a pragmatic standpoint, surgeons do need to
choose what protocols to follow, and we have given an
overview of our current practice.

Administration, timing, and appropriate type and dosing
of antimicrobials are likely some of the most critical factors in
preventing postoperative infections. These efforts may be
combined with the maintenance of normothermia and eu-
glycemia and the SCIP measures as part of the standard sur-
gical protocols in order to decrease the risk of SSI further. On
the other hand, shaving with razors and misuse of antimi-
crobials will certainly increase patients’ risk for SSI and anti-
microbial resistance. Although still unproved, the use of
different skin antiseptics, antimicrobial-coated sutures, and
tissue adhesives shows promise in further reducing the risk of
SSI.

Beyond the apparently simple task of utilizing these pre-
ventive measures, the path to improvement must include
physicians collaborating with each other, communicating
with their operating room staff/teams, and creating protocols
that can be followed easily and be consistent among surgeons.
Involving other departments such as pharmacy may addi-
tionally prevent errors and make the administration of
appropriate medications automatic. Hospitals accepting mem-
bership in SCIP may provide strong incentives for standard-
ization of protocols, where quality can be assessed and
enhanced easily by evaluating overall outcomes as well as the
fractions of patients who receive appropriate preventive
measures. The key to improvement lies in the surgeons’
consistency, involvement, and leadership as additional re-
ductions in SSI are achieved.
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